This study aimed to evaluate the agronomic performance of different doses of Azospirillum brasilense in peat formulation on maize crop grown under limited N fertilization, using a completely randomized design with four replicates. The treatments tested consisted of absence of N fertilizer, the full N recommendation and a combination of the half of recommended N associated with the inoculation of three doses of A. brasilense in peat formulation (100, 150 or 200 g per 25 kg of seeds). The following variables were evaluated: insertion height of the first ear height, number of kernel per row, number of row per ear, shoot dry biomass, root dry biomass, chlorophyll content, thousand seed weight, grain N content, shoot N content and grain yield. Half the dose of N fertilizer combined with 150 g per 25 kg of seeds of A. brasilense in peat formulation provided significantly superior results in agronomic performance of maize, particularly regarding grain yield, thousand seed weight and dry biomass of both shoot and root.
INTRODUCTION
Brazil currently ranks as world's third -largest maize producer and second -largest exporter. The national projection by the year 2024 is of about 103.1 million tons of grains, reaching a total area of around 22.1 million hectares (Conab, 2014) .
Since nitrogen (N) is the first major nutrient responsible for growth of plants, this means that high amounts of this nutrient will be required to meet the needs of maize crop. Further, N supply is known as one of the largest variable cost for maize production (Embrapa, 2015) .
In this context, Azospirillum spp., nitrogen -fixing microorganisms found in the rhizosphere of various grass species, have been reported as a way of providing grass -crops with the part of the N needed, through the bacterium biological N fixation process (Döbereiner and Day, 1976; Pedraza et al., 2009; Hungria et al., 2010; Piccinin et al., 2012; Piccinin et al., 2015) .
Brazil has tradition in research with Azospirillum. Numerous studies have been carried out in the country since the discovery by the Brazilian researcher Johanna Döbereiner (1924 Döbereiner ( -2000 of the biological N fixation capacity of these bacteria when in association with grasses. However, the conflicting responses to Azospirillum spp. inoculation in maize that have been reported in field conditions raised demands about the effective dose of this bacterium able to induce a statistically significant increase in crop's growth and yield.
An effective inoculant must be prepared with a strain of rhizobium selected for high N fixation efficiency and competitive ability for nodulation. The strain must survive in the inoculant formulation, maintain its properties during storage and be tolerant to stress factors such as acidity, desiccation, high temperature and chemical pesticides (Ben Rebah et al., 2007) .
In this way, the quality of an inoculant can be associated to the guarantee of recommended strains' minimum concentration combined with the easiness provided by its physical state.
Peat has been commonly used as support and, at the same time, as a substrate for most of the inoculants produced, due to bacteria's protection against drying, both in the storage process and in seed coating after inoculation (Stephens and Rask, 2000) . On this point, this study aimed to evaluate the agronomic performance of different doses of A. brasilense in peat inoculant on the maize grown under limited N fertilization.
MATERIAL AND METHODS
The experiment was carried out during the crop year of 2015 at Iguatemi Research Station (FEI) of the State University of Maringá (UEM), in Maringá in northwestern Paraná State, Brazil, located at latitude 23 º 25' south and longitude 51 º 57' west of Greenwich and with an average altitude of 540 m.
The region's climate and soil are classified, respectively, as Cfa (humid mesothermal, with abundant rains in warm summer and dry winter), according to Köppen classification (Caviglione et al., 2000) and Typical Red Dystrophic Argisol according to the Brazilian Classification System (Embrapa, 2013) .
With the exception of N fertilizer, after physical and chemical analyses (Embrapa, 2011) , soil correction and fertilization were adopted in order to achieve an average production of around 6000 kg ha -1 as stated in Embrapa (2015) .
An amount of 250 kg ha -1 of fertilizer 0 -20 -20 formulation (N -P -K rating system) was applied at sowing. The N supply took place at three levels (0, 90 and 180 kg ha -1 ) using ammonium sulphate (21% of N) in furrow. Based on Fageria and Baligar (2005) , the N recommendation was applied in two split applications with one -third at sowing and the remaining two -third at the tillering, stage in which urea (46% of N) was used as N source.
The tested treatments consisted of a combination of three levels of nitrogen fertilization (0, 90 and 180 kg ha -1 ) associated with the inoculation of three doses of A. brasilense in peat formulation (100, 150 and 200 g per 25 kg of seeds). Treatment 4 (commercial product -Total Biotecnologia ® ) was inserted to compare the doses of peat inoculant (T5, T6 and T7 -Grap Agrocete ® ) with a product whose efficiency has already been proven and has registration in the Ministry of Agriculture, Livestock and Food Supply. A detailed scheme of the treatments is shown in Table 1 . Inoculation with the liquid inoculant was performed by mixing and homogenizing seeds to the inoculant. The inoculant was at a concentration of 2×10 8 CFU (colony -forming units) per milliliter of the AbV5 and AbV6 strains, as it is approved and accredited by the Brazilian agricultural authorities. The dose used was of 100 ml per 25 kg of maize seed, according to the manufacturer's technical recommendation.
For better adhesion of the peat inoculant, a 10% sugar solution with the tested inoculant doses was employed as a way of obtaining a uniform coating. The inoculation process consisted of the application of the sugar solution on the seeds, followed by the peat inoculant. After homogenization, the seeds were dried in the shade for a period of 15 minutes (Brandão Junior and Hungria, 2000a) .
Using the tillage conservation system, sowing took place on March 4 th , 2015 using the completely randomized design with four replicates. Each experimental unit was composed of six rows of 5 m, spaced 0.90 m apart, with a population of about 60,000 plants ha 1 of the early maturity hybrid 30F53 YH. However, since the lateral rows and the end boundaries of the central portion were not considered, the harvesting area consisted of only 9 m 2 .
As overviewed in Embrapa (2015) , manual or chemical methods of control were carried out to deal with weeds, as well to keep disease and pest infestations below their injury levels.
Agronomic characteristics and yield evaluation
Harvest took place when the maturity of the hybrid (point from which kernel dry weight no longer increase) was visually evaluated by using the formation of an abscission layer or 'black layer' at the base of the kernel proposed by Daynard and Duncan (1969) .
The following variables were evaluated: insertion height of the first ear height, number of kernel per row, number of row per ear, shoot dry biomass, root dry biomass, chlorophyll content, thousand seed weight, grain N content, shoot N content and grain yield. Detailed information on each variable are described below:
Insertion height of the first ear (IHFE): it was estimated based on ten randomly chosen plants from the usable area of each plot, at the crop physiological maturity. Results are the average measurement of the first ear insertion height from ground level (in cm).
Number of kernels per row (NKR) and number of row per ear (NRE): within the useful area, ten ears at physiological maturity were randomly selected and then the NKR and the NGS were manually counted.
Root dry biomass (RDB): At the R2 growth stage, ten plants were randomly collected from the harvesting area of each plot (Veloso et al., 2006) . The roots were collected in each plot using a shovel to excavate a block of soil of 0.40×0.40 m by 0.20 m deep and then identified and taken to the laboratory, where they were washed and then taken to a forced -air oven at 65ºC until constant weight was achieved. Average data were expressed in g plant 1 .
Shoot dry biomass (SDB) and Shoot N content (SNC): SDB and SNC were determined by collecting ten plants per plot at the pre -flowering stage. The plants were placed in paper bags, identified and dried in a forced -air oven and then weighted. The average SDB data were expressed in g plant -1 . Dried shoots were then ground (18 mesh) and subjected to sulfuric digestion to determine total SNC just as described in AOAC (2000).
Chlorophyll content (CC): Five plants from the central rows of the plot were selected randomly as samples. For each leave, CC was measured twice using the portable reader ClorofiLOG 1030 ® .
Readings were performed directly on the leaves of the middle third portion of the plant as described in Piekielek et al. (1995) . The mean chlorophyll levels were shown in Clorofilog Reading.
Thousand seed weight (TSW): After the moisture adjustment as previously mentioned, it was determined by weighing eight subsamples of 100 seeds for each field plot, with an analytical scale accurate to 1 mg. For all plots the coefficient of variation was less than four, and the results were multiplied by 10 (Brasil, 2009) .
Grain N content (GNC): From the cleaned seeds portion, it was determined through the method of sulfuric acid digestion using a micro Kjeldahl distillation apparatus, as described in (AOAC, 2000) .
Grain yield (GY): On 22 July, 2015, at crop physiological maturity, harvest was manually performed collecting the ears from the evaluation area of each plot. Ears were mechanically husked and then the impurities were manually removed in order to obtain a very clean lot. After proper moisture content adjustment of 13% (Brasil, 2009) , the cleaned grains were weighed and the average data were converted into kg ha -1 .
Statistical analysis: All analyses were performed using the statistical software Sisvar (Ferreira, 2011) . The data were submitted to the Shapiro -Wilk test (p<0.01) and Levene test (p<0.01) to verify the normal distribution and homoscedasticity, respectively. Each variable was subjected to analysis of variance at 1% probability and when it was significant, the means were compared by Fishers' protected t -test LSD (Least Significant Difference) (p≤0.01) according to Banzatto and Kronka (2006) . 
RESULTS AND DISCUSSION

Insertion height of the first ear (IHFE)
Overall, at half the dose of N associated to A. brasilense inoculation provided an increase in IHFE, regardless of the inoculant doses. Further, Table 2 indicates that higher values of the evaluated variable were found in T5 and T6. Zsubori et al. (2002) summarized that the height of the main ear can be correlated to plant height, feature which has showed a significant positive correlation to plant yield. Further, the author pointed out that the ear height depends on the genetic background of the varieties, but is also influenced by the environment. On this point, while Lana et al. (2012) and Araújo et al. (2015) found that in maize the IHFE was not modified by N fertilization and inoculation rates, on the other hand A. brasilense provided superior IHFE in Portugal et al. (2016) .
It is believed that one of the motives for the contrasting results could be attributed to the difference in the crop stage in which IHFE was assessed. In the present trial, such as in Portugal et al. (2016) , the evaluations were performed at the stage of complete physiological maturity, point in which limited environmental resources rather than the genetic compound are more likely to affect the plant's architecture (Viégas and Peeten, 1987; Gratani, 2014) .
Number of kernels per row (NKR) and number of rows per ear (NRE)
Such as for IHFE, at half the dose of N associated to A. brasilense inoculation provided an increase in NKR and NRE, regardless of inoculant dose. However, for both variables the highest results were found in the T5 and T6 (Table 2) , which statically did not differ from each other.
Row number ear and kernel number per row are two of the several components in maize yield. For Milander (2015) the NRE is determined strongly by plant genetics and less by the environment. However, as mentioned in Fancelli and Dourado Neto (2004) , these features are consolidated at the early stage of the plant development, i.e. between the emission of 7 th and 9 th leaf. Therefore, the N supply in this stage is decisive to ensure ears with high number of grains.
Similar to the findings of the present work, Novakowiski et al. (2011) found increase in the number of rows, kernels per row and grains per ear under N fertilization associated to inoculation with A. brasilense.
Shoot dry biomass (SDB) and Root dry biomass (RDB)
Regarding the SDB and the RDB, increases of around 2.3 and 1.8 were respectively observed in the dry matter values of T6, when compared to the control (Table 2) . Further, T5 and T6, in which the half of N dose was associated with higher doses of A. brasilense, presented superior values for both variables, when they are compared to T2, in which the full recommendation of N was adopted. Nevertheless, the growth conditions of T7 showed lower RDB than T2.
Interestingly, differently from the other treatments in which A brasilense was associated with the half of the N dose, T3 showed lower SDB and RDB values than those found in T2, in which the full N dose was supplied, due to nutritional deficiency.
Comparable results were presented by Domingues Neto et al. (2013) , whom studying maize, found an increase in the dry biomass of both the shoots and roots as a result of foliar application of Azospirilum spp., in the absence of nitrogen fertilizer. On this point, according to Ramos et al. (2010) when inoculation of Azospirilum spp. is associated with adequate N fertilization, SDB and RDB can increase by 80%, compared to maize plants treated only with mineral N. Bashan and Dubrovsky (1996) suggested that by affecting root roles, Azospirillum spp. participates in the partitioning of the carbon and minerals at the entire plant level. Later, Bashan et al. (2004) found a positive response of dry matter accumulation to A. brasilense inoculation as a result of the phytohormones synthesized by the bacteria, substances which modify the metabolism and morphology of the root system, improving thus the plant absorption rates of minerals and water.
Chlorophyll content (CC)
Leaf CC is used to predict the nutritional level of N in plants, since this nutrient participates directly in the synthesis of pigments (Piekielek et al., 1995 and Kappes et al., 2013) . Further, Argenta et al. (2001) affirmed that CC is an adequate indicator for N fertilization recommendation in cereals, especially when associated with other soil indicators.
In the present trial, the highest CC was reported in T6, in which the half of the N dose was combined with the inoculation of A. brasilense at 150 g 25 kg -1 of seeds. Except when using the commercial dose of the inoculant (T4), once more all the treatments in which the inoculant was combined with N fertilizer had higher or equal CC values than the treatment in which the full recommendation of N fertilizer was employed (T2). Such as in the present work, Quadros et al. (2014) , Costa et al. (2015) and Araújo et al. (2015) also reported increasing in CC after seed or foliar inoculation in maize.
Thousand seed weight (TSW)
The TSW is a key yield parameter that has direct impact on the crop's final yield and seed quality. By observing the average values in Table 2 , it can be concluded that there were significant differences between the tested treatments, in which the highest result was obtained with the combination of the half of N dose with inoculation of A. brasilense at 150 g per 25 kg of seeds (T6).
Contrasting results have been recorded about the effects of the inoculation on TSW. In this regard, while in Biari et al. (2008) , Braccini et al. (2012) , Costa et al. (2015) and Morais et al. (2016) found an increase in seed weigh of maize after plant inoculation combined to N fertilizer rates, on the other hand, in Novakowiski et al. (2011) there was no significant interaction between N levels and inoculation for TSW. However, while the later authors used the bacteria strain Sp245, Hungria et al. (2010) pointed out that only the strains AbV4, AbV5, AbV6 and AbV7 are the most effective for maize.
Grain N content (GNC)
Only the GNC of treatment T6 was influenced by the combination of the inoculant doses with the half of the N dose, confirming the results described in Araújo et al. (2015) . However, the inoculant doses used in T4 and T7 promoted comparable GNC values to those treatments conducted in the absence of A. brasilense, regardless of the N rate. Authors such as Dobbelaere et al. (1999) reported that inoculation with A. brasilense did not impact GNC. However, those authors used a wild bacteria strain, whereas only the strains AbV4, AbV5, AbV6 and AbV7 are the most effective in maize as reported in Hungria et al. (2010) .
Shoot N content (SNC)
The full N recommendation (T2) as well the half of the N dose combined with inoculant application at 100 g per 25 kg of seeds or higher (T5, T6 and T7) showed SNC values ranked within the range considered as suitable for maize just as described in Martinez et al. (1999) . But, visual deficiency symptoms were only observed in plots conducted in the absence of N (T1).
The findings pointed out for SNC in this trial corroborate those of the Araújo et al. (2015) . Just as stated in Kappes et al. (2013) , overall SNC revealed the same trend above observed in CC variable, i.e. the bigger the CC average the bigger the SNC.
Grain yield (GY)
The dose of A. brasilense combined with the half of N recommendation employed in T6 provided significant yield increase compared to the other treatments, mainly to those non -inoculated. Interestingly, overall GY revealed the same trend observed above in SDW and RDM, in which the highest values were observed in T6, followed in a decreasing order by treatments 5, 7, 2, 4, 3 and 1, with significant differences among them. Such as observed here, in Pedraza et al. (2009 ), Hungria et al. (2010 , Piccinin et al. (2012) and Piccinin et al. (2015) , A. brasilense combined N fertilizer in non -leguminous species promoted increasing in the plant growth and yield compounds.
However, from the results shown in present work, the dose of inoculant used played a crucial role on the crop response since (excluding GNC) in all the analyzed variables T4 presented lower values than that observed in T2 (full recommendation of N). For the variable NRE, T7 performed the same.
Brandão Júnior and Hungria (2000b) further affirmed that for Rhizobium spp. establishment in substrate, the minimum concentration of viable bacteria in the inoculant have to be hundred times higher than that naturally found in the soil. Based on these findings, it is plausible to suggest that the inoculant doses used in T4 and T5 could not have provided the minimum bacteria concentration to form a robust soil colony. It is important to point out, moreover, that in T5 there was an increase in GY when compared to the full N recommendation (T2).
Treatment T7, however, had the lowest GY and SDB among the tested non -commercial dose of the inoculant (T5, T6 and T7). In this case, based on the understanding of Hallmann et al. (1997) and Saubidet et al. (2002) it is guessed that under the employed N fertilizer level, plants were not able to provide A. brasilense with an adequate carbon compounds supply to sustain maximal cultivar's growth and yield. As discussed in Araújo et al. (2015) , under limited N availability plants cannot produce sufficient root exudates, which act as signal to influence the ability of strains to colonize soil by horizontal movement or to survive in the rhizosphere (Mark et al., 2005; Bashan and Levanony, 1987) .
The increase in growth and yield in inoculated plants with A. brasilense might not only be attributed to the biological N fixation. Under lower level of oxygen, the bacterium realized high N fixation rate, however it could also improve productivity through the excretion of hormones such as auxin, which induces the propagation of roots and thus, intensifying plant nutrient absorption (Döbereiner and Day, 1976; Tien et al., 1979; Dobbelaere et al., 1999) .
CONCLUSION
At half the dose of N fertilizer combined with 150 g per 25 kg of seed of A. brasilense in peat formulation provided significantly superior results in agronomic performance of maize, particularly regarding grain yield, thousand seed weight and dry biomass of both shoot and root.
